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Semiconductor memory 
background of the invention 

> Field of the invention 

£0001] The present invention relates to semiconductor memories, and more 
particularly to semicondu.rtor memories including memory cells, each using 
adjacent two diffusion wires as drain and source, respectively, and a word line- 
as gate. 

Description of related art 
[0002] The semiconductor memories of the above kind have been widely 
used as large-capacity Memories. The semiconductor memories have 
accomplished high-speed operation due to a memory cell array made of blocks 
separated every M word Ihes in column direction. The blocks share N + l 
virtual ground wires, and l\ main bit lines, each between the adjacent two of 
the virtual ground wires. D ffusion wires are provided. The diffusion wires are 
distant one fourth (1/4) as much as the virtual ground wires are. The adjacent 
two blocks in column direction are symmetric with respect to an imaginary line 
separating them. Memory cells in each column share the adjacent two 
diffusion wires as drains and sources, and they use the M word lines as gates, 
respectively. Thus, the blocks have memory cells in M rows and 4N. columns! 
Referring to the accompanying drawings, Fig. 8 is a fragmentary circuit 
diagram showing a portior of a memory cell array of the semiconductor 
memory of this kind. Uniteid States Patent No. 5,392,233, iwase, Feb. 21, 
1995 (= JP~A 5-167042) sh dws a ROM using a circuit diagram of this kind 
[0003] Fig. 8 shows 3 (thrse) blocks separated every 3 (three) word lines in 
column direction. The separated blocks, namely, block 0, block 1 and block 2 
share 2 (two) virtual grounc wires D3 and D5, and 2 (two) main bit lines D4 
and D6, each between the adjacent two of the virtual ground wires. The 
adjacent two blocks in column direction are symmetric with respect to an 
imaginary line separating them. Ground-connection to the virtual ground 
wires is selectively made in response to address operation. The main bit lines 
are selectively addressed and sensed, in Fig. 8, for illustrative purpose only, 
the blocks are three in number, the word lines in each block are three in 
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number, the virtual grourjd wires are two in number, and the main bit lines-are 
two in number. 

are provided. The diffusion wires are distant one 



[0004] Diffusion wires 



to BN17, three bit column 



fourth (1/4) as much as tie virtual ground wires are. In each block, memory 
5 cells in each column share the adjacent two diffusion wires as drains and 
sources, and they use thr se word lines as gates, respectively. In each block, 
between the adjacent two of the dummy wires, for example, D3 and D5,' 
memory cells in 3 (three) rows and in 4 (four) columns are grouped as a 
memory cell unit, namely, a four-column memory cell unit. Each block 
includes four column select lines, two on one ends of the diffusion wires, the 
other two on the other dnds. Further, it includes three bit column select 
transistors and three ground column select transistors per each four-column 
memory cell unit. 

[0005] In the block 1, for example, on one end side of diffusion wires BNll 

select transistors S41, S40 and S42 are connected 



to the main bit line D4. The bit column select transistor S41 has diffusion layer 
connected to the main bit line D4. It uses the middle diffusion wire BN13 for 
one four-column memory cell unit as drain or source and the column select 
line BS11 as gate. Each of the bit column select transistors S40 and S42 has 
diffusion layer connected to the main bit line D4. The bit column select 
transistor S40 uses the diffusion wire BN12, lying on one side of and next to 
the middle diffusion wire BN13, as drain or source and the column select line 
BS10 as gate. The bit column select transistor S42 uses the diffusion wire 
BN14, lying on the opposite side of and next to the middle diffusion wire BN13, 
as drain or source and the rolumn select line BS10 as gate. 
[0006] In the block 1, on the other end side of the diffusion wires BNll to 
BN17, another three ground column select transistors S51, S50 and S52 are 
connected to the virtual gro und wire D5. The ground column select transistor 
S51 has diffusion layer connected to the virtual ground wire D5. It uses the 
boundary diffusion wire BN15 for one four-column memory cell unit as drain or 
source and the column selert line BS10 as gate. Each of the ground column 
select transistors S50 and S52 has diffusion layer connected to the virtual 
ground wire D5. The ground column select transistor S50 uses the diffusion 
wire BN14, lying on one side of and next to the boundary diffusion wire BN15, 
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as drain or source and the column select line BS11 as gate. The ground 
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S52 uses the diffusion wire BN16, lying on the 
to the boundary diffusion wire BN15, as drain or 
source and the column select line BS11 as gate. 

C0007] Next, it is now explained how this conventional semiconductor 
memory selects a memorv cell. As is readily understood from the preceding 
description, the memory cell array of each block is identical in structure every 
four-column memory cell unit. In each block, the memory performs the same 
or symmetrical select action every four-column memory cell unit. Thus, 
description on action to se ect each of four memory cells Ml, M2, M3 and M4 
appears to be sufficient. In the block 1, the four memory cells Ml to M4, lying 
between the virtual ground wires D3 and D5, are connected to the word line 
Wll. 

[0008] During select ope ration of these memory cells Ml to M4, the word 
line Wll of the block 1 only has high level so that the memory cells connected 
to this word line Wll have ON or OFF level selectively depending on the data 
to be memorized. The oth<|r word lines W10, W12, WOO to W02, and W20 to 
W22 have low levels so thet all of the memory cells connected to them have 
OFF levels. 

[0009] In the case when* the memory cell Ml is selected, in response to 
address operation, ground-connection to the virtual ground wire D3 and 
precharge to the virtual ground wire D5 are selectively made, connection of 
the main bit line D4 to a serse amplifier is selectively made to be sensed, and 
the column select line BS1C has high level. Then, the ground column select 
transistors S31 and S51 have ON levels, respectively, and the bit column 
select transistors S40 and S42 have ON levels, respectively, making 
ground-connection to and sensing-connection to the diffusion wires BN11 and 
BN12, respectively, which are on both sides of a memory cell column including 
the memory cell Ml. Under this condition, ON or OFF status of the memory 
cell Ml connected to the word line Wll determines sense current flowing 
through the main bit line D4, which is detected by the sense amplifier. 
[0010] In the case where the memory cell M2 is selected, in response to 
address operation, ground-connection to the virtual ground wire D3 and 
precharge to the virtual ground wire D5 are selectively made, connection of 
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the main bit line D4 to the sense amplifier is selectively made to be sensed 
and the column select line BS11 has high level. Then, the ground column 
select transistors S32 and S50 have ON levels, respectively, and the bit 
column select transistor £41 has ON level, making ground-connection to and 
» sensing-connection to the diffusion wires BN12 and BN13, respectively, which 
are on both sides of a memory cell column including the memory cell M2 
Under this condition, ON o- OFF status of the memory cell M2 connected to the 
word line Wii determines sense current flowing through the main bit line D4 
which is detected by the sense amplifier. 

[OOU] m the case whe-e the memory cell M3 is selected, in response to 
address operation, ground-connection to the virtual ground wire D5 and 
precharge to the virtual ground wire D3 are selectively made, connection of 
the main bit line D4 to the sense amplifier is selectively made to be sensed 
and the column select lino BSU has high level. Then, the ground column 
select transistors S50 and S32 have ON levels, respectively, and the bit 
column select transistor S4 1 has ON level, making ground-connection to and 
sensmg-connection to the c iffusion wires BN14 and BN13, respectively, which 
are on both sides of a memory cell column including the memory cell M3 
Under this condition, ON or OFF status of the memory cell M3 connected to the 
word line Wll determines sense current flowing through the main bit line D4, 
which is detected by the seise amplifier. 

[0012] In the case where* the memory cell M4 is selected, in response to 
address operation, ground -connection to the virtual ground wire D5 and 
precharge to the virtual grc und wire D3 are selectively made, connection of 
the main bit line D4 to the sense amplifier Is selectively made to be sensed 
and the column select line BS10 has high level. Then, the ground column 
select transistors SSI and S31 have ON levels, respectively, and the bit 
column select transistors S< 2 and S40 have ON levels, respectively, making 
ground-connection to and s« nsing-connection to the diffusion wires BN15 and 
BN14, respectively, which ar* on both sides of a memory cell column including 
the memory cell M4. Under this condition, ON or OFF status of the memory 
cell M4 connected to the word line Wll determines sense current flowing 
through the main bit line D4 which is detected by the sense amplifier. 
[0013] As is readily seen from the preceding description, precharge is 
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always made to one of ths virtual ground wires D3 and D5 of the four-column 
memory cell unit, preventing the four-column memory cell unit and the 
adjacent cell units from scaring charge via the selected memory cell, ensuring 

t0 select 'ts memory cells, Ml to M4, for example, 
fentary view of the illustrated portion of layout of the 
previously described conventional semiconductor memory, illustrating a 
portion of the block 1 shawn in Fig. 8. As is readily seen from Fig. 9, the 
conventional semiconductor memory has accomplished a considerable 
increase in storage capac ty because each block has memory cells using the 
adjacent one of equidistant diffusion wires as drain or source and one of word 
lines as gate, and each block has a connector per each four-column memory 
cell unit for alternative" connection to one of main bit lines and the adjacent 

the conventional semiconductor memory has 
accomplished high speed operation because the amount of load applied to the 
main bit lines has dropped by employing a memory cell array composed of 
blocks separated in column direction at every plural number of word lines to 
reduce memory cells, in nujmber, selectively connected in parallel to the main 
bit lines. 

[0015] The convention 
accomplishing a further 



al semiconductor memory is capable of 
high speed operation with high-speed sense 



amplifiers due to a sufficiently large margin allowed by small variations in 



shunt resistance of current 
ones of the virtual ground 



flow paths from the main bit lines to the adjacent 
wires with different memory cells to be selected. 



Specifically, in the conventional semiconductor memory, the current flow path 
2S is composed of equal bit co umn select transistors, equal memory cells, equal 
ground- column select transistors, and a single diffusion line and the shunt 
resistance almost remains [jnaltered irrespective of which different memory 
cells is selected. 

[0016] For further understanding of the above-mentioned issue, reference 
30 is made to Iwase, Unitec States Patent No. 5,392,233, particularly to 
description of Figs. 5 and 6 ranging from column 6 line 59 to column 7 line 56, 
which United States Patent las been incorporated herein by reference. 
[0017] With continuing reference to Fig. 8, according to the conventional 
semiconductor memory, In order to select, for example, the memory cell Ml 
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or M4, the bit column select transistors S40 and S42 have ON levels, 
respectively, in response to address operation, allowing charge to the 
diffusion wires BN12 and 3N14 from the main bit line D4, and allowing charge 
to the diffusion wire BNi:: depending on the status of the memory cell M2 or 
M3. In order to select, for example, the memory cell M2 or M3, the bit column 
select transistor S41 has ON level in response to address operation, allowing 
charge to the diffusion wire BN13 from the main bit line 04, and allowing 
charge to the diffusion w re BN14 or BN12 depending on the status of the 
memory cell M3 or M2. 

[0018] In the conventional semiconductor memory, as the number of 
diffusion wires to be charged from the main bit line ranges from one to three 
depending on address sel action and status of memory cells, the amount of 
charge load capacity to be charged from the main bit line D4 varies three 
times, narrowing margin, causing a considerable delay in sense judgment 
time required for a sense amplifier to sense, via the main bit line, appearance 
of current. This poses a problem that further high-speed operation is difficult 
to accomplish. 

[0019] Figs. 10(A), 10(B) and 10(C) are graphical representations 
illustrating varying of delay in sense judgment time with different levels in 
charge load capacity. Fig. :L0(A) shows variations of ON level voltage and OFF 
level voltage appearing for ON level and OFF level of a selected memory cell, 
respectively, when the load capacity for charge is mean and normal. Fig. 
10(B) shows variation of ON level voltage and OFF level voltage appearing for 
ON level and OFF level of a selected memory cell, respectively, when the load 
capacity for charge Is greater than the mean. Fig.,10(C) shows variation of ON 
level voltage and OFF level voltage for ON level and OFF level of a selected 
memory cell when the load capacity is less than the mean. With reference to 
Fig. 10(A), commonly, accounting for the mean load capacity for charge and 
margin determines a reference level used by the sense amplifier in making 
judgment. Address select o aeration and status of a memory cell selected may 
cause load capacity for chanje to become greater than the mean. In this case, 
as the charge capacity is cor stant, undercharge takes place, lowering both ON 
level and OFF level voltages as shown in Fig. 10(B). Under this condition, 
margin becomes narrow and a considerable delay in judgment time required 
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for sensing OFF level voltage is observed. If load capacity for charge becomes 
less than the mean, as the charge capacity Is constant, overcharge takes place, 
elevating both ON level and OFF level voltages as shown in Fig. 10(C). Under' 
this condition, margin becomes narrow and a considerable delay in judgment 
required for sensing ON Icivel voltage is observed. 

[0020] As described be fore, the memory cell array of the conventional 
semiconductor memory is made of blocks separated every plural word lines in 
column direction. The conventional semiconductor memory needs one region 
on one ends of the diffusion wires for two column select lines and three bit 
column select transistors per every four-column memory cell unit and another 
region on the other ends o^ the diffusion wires for two column select lines and 
three ground column select transistors per the four-column memory cell unit. 
The proportion of an area occupied by these regions to the overall area of a 
chip grows bigger and bigger as the number of blocks increases. For a further 
high speed operation, one neasure would be increasing the number of blocks 
to reduce the number of rr emory cells connected in parallel to each main bit 
line for a reduction in load i pplied to the main bit line. This measure, however, 
poses a problem that the overall area of a chip inevitably increases. 
[0021] In order to restra n the overall area of the chip from increasing, the 
incorporated United States Patent No. 5,392,233 proposes arranging on one 
ends of diffusion wires one column select line and on the other end of the 
diffusion wires another column select line. According to this proposed layout, 
the path of current flowing f-om a main bit line to the associated virtual ground 
wire involves a u turn at a memory cell selected by a word line. Thus, the path 
has varying of values in shunt resistance with difference word lines used in 
selecting memory cells. Sufficient margin cannot be guaranteed, making it 
difficult to use sense amplifiers designed for high speed operation, failing to 
accomplish a satisfactory leael of high-speed operation. 
[0022] Accordingly, the present invention aims at accomplishing a further 
speed-up in operation of semiconductor memories without any substantial 
increase in the overall area of a chip. 

SUMMARY OF THE INVENTION 
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[0023] An object of th» present invention is to provide a semiconductor 
memory that has realised further speed-up in operation without any 
substantial increase in tho overall area of a chip. 

C0024] According to an exemplary implementation of the present invention, 
a semiconductor memory, comprises: 

a memory cell array including a plurality of blocks separated in column 
direction every M word linos, the separated blocks sharing N+l virtual ground 
wires, which are selectively subject to ground-connection in response to 
address operation and N nain bit lines, each of which is placed between the 
adjacent two of the vitual ground wires and selectively subject to 
sensing-connection, the separated blocks being adjacent one after another in 
column direction with the adjacent two in symmetric relationship around an 
imaginary line separating the adjacent two blocks, 

each of the separated blocks including diffusion wires which are 
equi-distant one fourth th«! virtual ground wires are, and memory cells in M 
rows and in 4N columns grauped as a memory cell unit, 

each of the separate i blocks including, on one end side of the diffusion 
wires, a bit select line and, per each of the memory cell units, three bit column 
select transistors, which use a middle diffusion wire and the adjacent two 
diffusion wires of a set of diffusion wires provided for the memory cell unit as 
drains or sources, and the bit column select line as gates, each of the three bit 
column select transistors hciving diffusion layer connected to one of the main 
bit lines, 

each of the separated blocks including, on the other end side of the 
diffusion wires, a ground select line and, per each of the memory cell units, 
three ground select transistors, which use a boundary diffusion wire of the set 
of diffusion wires and the a ijacent two diffusion wires as drains or sources, 
and the ground select line as gates, each of the three ground select transistors 
having diffusion layer connected to one of the virtual ground lines, 

inter-block bit wires, <>ach connecting the middle diffusion wire for one 
of the memory cell units of f rst block of the separated blocks and the middle 
diffusion wire for one of the memory cell units of the adjacent second block 
lying on the other end side cf the diffusion wires of the first block, 

the first block and tt e adjacent second block having halves of the 
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wires, each connecting the boundary diffusion wire 
for the one memory cell i nit of the first block and the boundary diffusion wire 
for the one memory cell unit of the adjacent third block lying on the one end 
oA* ,,f m« M u. ..,_„ Qf the first b|ock ^ 

the adjacent third block having halves of the 
inter-block ground wires, respectively. 

[0025] In one embodiment, each of the inter-block bit wires interconnects 
the other ends of the midc le diffusion wires of the first block and the adjacent 
second block, and each of :he inter-block ground wires interconnects one ends 
of the boundary diffusion wires of the first block and the adjacent third block 
[0026] In another embodiment, each of the inter-block bit wires 
interconnects one ends of the middle diffusion wires of the first block and the 
adjacent second block, and each of the inter-block ground wirers 
interconnects the other emis of the boundary diffusion wires of the first block 
and the adjacent third block. 

[0027] in the embodiment, the inter-block bit wires and the inter-block 
ground wires are formed within a different wiring layer from where the main 
bit lines and the virtual ground wires, are formed, and the inter-block bit wires 
and the inter-block ground vires are connected via connectors to the diffusion 
wires, 

[0028] In the embodiment, the main bit lines are formed within a different 
wiring layer than a wiring U yer where the virtual ground wires are formed 
[0029] In the embodiment, there are provided at least one of dummy bit 
select block and dummy ground select block lying adjacent and next to one of 
a first stage block and a last stage block of plural blocks, said dummy bit and 
ground select blocks being free from memory cells. 



[0030] In the embodimen 



30 lines, and gate connected to 



layer connected to one of 
equivalent to three diffusion 



the dummy bit select block includes a bit column 



ZTlTT' 9 T Ui ° r Saurce connect ed to one of the inter-block bit 

the bit select line, and the dummy bit select block 



f ~ nuiy wiv. aciCU. OIOCK 

includes, per each of the memory cell units, a transistor or dummy diffusion 



the inter-block bit lines and being electrically 
wires. 



[0031] in the embodimert, the dummy ground select block includes a 
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inter-block ground wire, 
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having drain or source connected to one of the 
and gate connected to the ground select line, and 
wherein the dummy ground select block includes, per each of the memory cell 
umts^ a transistor or dummy diffusion layer connected to one of the 

nd electrically equivalent to the diffusion line 
£0032] According to ar other implementation of the present invention, a 
semiconductor memory comprises: 

a memory cell array including blocks separated every M word lines in 
column direction, the blocks including a plurality of main bit lines, which are 
subject to precharge and (jround-connection, 

the blocks being arranged one after another in column direction with 
the adjacent two thereof in symmetrical relation about a line separating them 
the blocks including diffusion wires, which are distant one half the main 
bit lines are, and a plurality of memory cells grouped into a memory cell unit in 
M rows and in two columns, the memory cells using the adjacent two diffusion 
wires as drain or source ar d the M word lines as gates, 

the blocks including diffusion layer connected to one of the main bit 
lines and three column select transistors, which use the diffusion wire 
corresponding to one of tho main bit lines and the adjacent diffusion wires as 
drain or source and a first <ind a second column select lines as gate, 

the blocks include halves of an inter-block bit line, which interconnect 
the diffusion lines correspor ding to one of the main bit line between one block 
and the adjacent blocks. 

[0033] In the embodiment, the memory cell is a non-volatile memory cell 
having a floating gate or an oxide/nitride/oxide (ONO) film as an under layer 
of a word line. 

BRIEF DESCRIPTION OF THE DRAWINGS 



semiconductor 



[0034] Fig. l is a fragmentary 
embodiment of a 
[0035] Fig. 2 is a fragme 
memory cell array of the se 
[0036] Fig. 3 is a fragmentary 



circuit diagram of a memory ceil array of one 
memory according to the present invention. 
r|tary layout diagram illustrating a portion of the 
miconductor memory shown In Fig. l. 

layout diagram illustrating a portion of a 
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modification to the semicanductor memory shown In Fig. 1. 

[0037] Fig. 4 is a fragmentary circuit diagram of a memory cell array of 

another embodiment of k semiconductor memory according to the present 

invention. 

£0038] Fig. 5 is a fragmentary layout diagram illustrating a portion of the 
memory cell array of the semiconductor memory shown in Fig. 4. 
[0039] Fig. 6 is a fragmentary circuit diagram illustrating a portion of 
dummy blocks adjacent to the first or last stage block of a plurality of blocks of 
the semiconductor memory shown in Fig. 4. 

£0040] Fig. 7 is a fragmentary layout diagram illustrating a portion of the 

dummy blocks of the semiconductor memory shown in Fig. 6. 

[0041] Fig. 8 is a fragmentary circuit diagram illustrating a portion of a 

memory cell array of the conventional semiconductor memory discussed 

before. 

[0042] Fig. 9 is a fragmentary layout diagram Illustrating a portion of the 
memory cell array of the semiconductor memory shown in Fig 8 
[0043] Figs. 10(A), 10(B) and 10(C) are graphical representations 
illustrating delays in sensing time required for judgment under three different 
levels of load capacity for charge. 

DETAIED DESCRIPTION OF THE INVENTION 



detail. 



[0044] Referring to Figs, 
invention is described in 
semiconductor memory according 
[0045] With reference to 
the present invention includes 
3 (three) being shown, 
direction. The separated blolcks 
(two) virtual ground wires D 
each between the adjacent 
blocks in column direction 
separating them. Ground- 
made in response to address 



1 to 6 of the accompanying drawings, the present 
Figs. 1 and 2 show one embodiment of a 
to the present invention. 
Fig. 1, the semiconductor memory according to 
a memory cell array of a plurality of blocks, only 
every 3 (three) word lines In column 
•>, namely, block 0, block 1 and block 2, share 2 
3 and D5, and 2 (two) main bit lines D4 and D5, 
of the virtual ground wires. The adjacent two 
symmetric with respect to an imaginary line 
connection to the virtual ground wires is selectively 
operation. The main bit lines are selectively 



se parated 



two 
s re 
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addressed and sensed. In Fig. 1, for illustrative purpose only, the blocks are 
three In number, the word lines in each block are three in number, the virtual 
ground wires are two in r umber, and the main bit lines are two in number. 

are provided. The diffusion wires are equi-distant 



[0046] Diffusion wires 



each column share the ad; 
they use three word lines 



one fourth (1/4) the virtu al ground wires are. In each block, memory ceils i 



half of an inter-block bit w 
[0047] On one end sidi 



in 

jacent two diffusion wires as drains and sources, and 
as gates, respectively. In each block, between the 
adjacent two of the dumrry wires, for example, D3 and D5, memory cells in 3 
(three) rows and in 4 (four) columns are grouped as a memory cell unit, 
namely, a four-column memory cell unit. Each block includes, per each 
four-column memory cell unit, two column select lines, one being a bit column 
select line on one end sida of the diffusion wires, the other being a ground 
column select line on the other end side. Further, per each four-column 
memory cell unit, it includes three bit column select transistors for one of the 
main bit lines and three ground column select transistors for one of the virtual 
ground lines. It further includes, per each four-column memory cell unit, one 

ir e and one half of an inter-block ground wire, 
of a set of diffusion wires provided per each 
four-corumn memory cell dnit, the three bit column select transistors, each, 
have diffusion layer connected to one of the main bit lines. The bit column 
select transistors use a mid die one and the adjacent two of the set of diffusion 
wires as drains or sources, < nd the bit column select line as gates. In the block 
1, for example, on one enc side of a set of diffusion wires for a four-column 
memory cell unit including nemory cells Ml, M2, M3 and M4, three bit column 
select transistors S41, S40 and S42, each, have diffusion layer connected to 
the main bit line D4. The bit column select transistors S41, S40 and S42 use 
a middle one BN13 and the c,djacent two BN12 and BN14 of the set of diffusion 
wires as drains or sources, and the bit column select line BSll as gates. More 
specifically, the bit column select transistor S41 uses the middle diffusion wire 
BN13 as drain or source anc the bit column select line BSll as gate. The bit 
column select transistor S40 uses the diffusion wire BN12, lying on one side of 
and next to the middle diffusion wire BN13, as drain or source and the bit 
column select line BSll as gate. The bit column select transistor S42 uses the 
diffusion wire BN14, lying, on the opposite side of and next to the middle 
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column select transistors 
adjacent two BN14 and BN 



15 ground column select trans 



20 
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diffusion wire BN13, as drlain or source and the bit column select line BSll as 
gate. 

i° 048 ? ° n ° ther 6n P Side ° f 3 set of diffusior > wires provided per each 

unit ' tne thre e ground column select transistors, 
connected to one of the virtual ground wires. The 
ground column select transistors use an end one and the adjacent two of the 
set of diffusion wires as drains or sources, and the ground column select line 

for example, on the other one end side of a set of 
diffusion wires for a four-column memory cell unit including memory cells Ml, 
M2, M3 and M4, three ground column select transistors S51, S50 and S52' 
ea , Ch l haVe diffu * ion ,a _ ye ' connected to the ground wire D5. The ground 

551, S50 and S52 use an end one BN15 and the 
16 of the set of diffusion wires as drains or sources, 



and the ground column sslect line BS10 as gates. More specifically, the 
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stor S51 uses the boundary diffusion wire BN15 as 
drain or source and the grcund column select line BSIO as gate. The ground 
column select transistor S5j) uses the diffusion wire BN14, lying on one side of 

diffusion wire BN15, as drain or source and the 
ground column select line BSIO as gate. The ground column select transistor 
S52 uses the diffusion wire bme, lying on the opposite side of and next to the 
boundary diffusion wire BM15, as drain or source and the ground column 
select line BSIO as gate. 

[0049] The inter-block bit wire interconnects the other end; not one end of 
a middle one of a set of diff usion wires for each of four-column memory cell 
units of one block and the 0 :her end, not one end, of a middle one of a set of 
diffusion wires for one of foujr-column memory cell units of the adjacent block 

on the other end side of the diffusion wires of the 
adjacent blocks contain one half in length of and 
the inter-block bit wire, respectively. In the 
bit wire is formed of diffusion and interconnects 
i, of the middle diffusion wires. For example, an 
' the main bit line D4 between the blocks 1 and 2 
interconnects the other end of a middle diffusion wire BN13 of a set of diffusion 
wires for a four-column mem Dry cell unit of the block 1 and the other end of a 



lying in the same column anc 
one block. The one and the 
the other half in length of 
embodiment, the inter-block 
the other ends, not one end:; 
inter-block bit wire D412 for 
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memory unit of the block 
BN11 to BN17ofthe bloc(< 1. 
[0050] The inter-block 
end, of the boundary one 



10 



of the diffusion wires of 
contain one half in length 
ground wire, respectively, 
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middle diffusion wire Blj 2 3 of a set of diffusion wires for a four-column 

2 'y |n 9 °n the other end side of the diffusion wires 



ground wire interconnects one end, not the other 
of a set of diffusion wires for each of four-column 



memory cell units of on* block and one end, not the other end, of the 
boundary one of a set of diffusion wires for one of four-column memory cell 
units of the adjacent block lying in the same column and on the one end side 



jhe one block. The one and the adjacent blocks 
of and the other half in length of the inter-block 
In the embodiment, the inter-block bit wire is 



■ piilci -uiuts oic wire is 

formed of diffusion and'intsrconnects the one ends of the boundary diffusion 

Wiroc XZr\r> rtvi kx. _ I » : l i i 



wires. For example, an in 
wire D5 between the blocks 
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:er-block ground wire D501 for the virtual ground 
1 and 0 interconnects one end, not the other end, 
of a boundary diffusion wins BN15 of a set of diffusion wires for a four-column 
memory cell unit of the block 1 and one end, not the other end, of a boundary 
diffusion wire BN05 of a sel: of diffusion wires for a four-column memory unit 
of the block 0 lying on the one end side of the diffusion wires BNll to BN17 of 
the block 1. 

[0051] Next, it is now explained how the embodiment of semiconductor 
memory according to the sresent invention selects a memory cell. As is 
readily understood from the! preceding description, the memory cell array of 
each block is identical in sfucture every four-column memory cell unit. In 
each block, the memory perf orms the same or symmetrical select action every 
four-column memory cell unit. Thus, description on action to select each of 
four memory cells Ml, M2, P 3 and M4 appears to be sufficient. In the block 1 
the four memory cells Ml to M4, lying between the virtual ground wires 03 
and DS, are connected to th 2 word line Wll. 

[0052] During select operation of these memory cells Ml to M4, the word 
line Wll of the block 1 only \ as high level so that the memory cells connected 
to this word line Wll have ON or OFF level selectively depending on the data 
to be memorized. The other word lines W10, W12, WOO to W02, and W20 to 
W22 have low levels so that all of the memory cells connected to them have 
OFF levels. 
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[0053] In the case whore the memory cell Ml is selected, in response to 
address operation, ground-connection to the virtual ground wire D3 and 
precharge to the virtual c round wire D5 are selectively made, connection of 
the main bit line D4 to a sense amplifier is selectively made to be sensed, the 
bit column select line BS:.l has high level, and a ground column select' line 
BSOO has high level. Then, the bit column select transistors S40, S41 and S42, 
and the ground column salect transistors R31, R32, R50 and R51 have ON 
levels, respectively, selectively making ground-connection to the diffusion 
wire BNll via the virtual g -ound wire D3, ground column select transistor R31, 
diffusion wire BN01 and inter-block ground wire D301. This makes' 
ground-connection to and sensing-connection to the diffusion wires BNll and 
BN12, respectively, which are on both sides of a memory cell column including 
the memory cell Ml. Under this condition, ON or OFF status of the memory 
cell Ml connected to the word line Wll determines sense current flowing 
through the main bit line C 4, which is detected by the sense amplifier. 
[0054] In the case where the memory cell M2 is selected, in response to 
address operation, ground-connection to the virtual ground wire D3 and 
precharge to the virtual gnund wire D5 are selectively made, connection of 
the main bit line D4 to the s ;nse amplifier is selectively made to be sensed, the 
ground column select line iSlo has high level, and a bit column select'line 
BS21 has high level. Then, the ground column select transistors S31, S32, 
S50 and S51, and the bit column select transistors T40, T41 and T42 have ON 
levels, respectively, selectively making sensing-connection to the diffusion 



wire BN13 via the main bit 



ine 04, bit column select transistor T41, diffusion 



wire BN23 and inter-block bit wire D412. This makes ground-connection to 
and sensing-connection to tie diffusion wires BN12 and BN13, respectively, 
which are on both sides of a memory cell column including the memory cell M2. 
Under this condition, ON or OFF status of the memory cell M2 connected to the 
word line Wll determines sanse current flowing through the main bit line 04, 
which is detected by the sense amplifier. 

[0055] In the case where the memory cell M3 is selected, in response to 
address operation, ground-connection to the virtual ground wire D5 and 
precharge to the virtual gro jnd wire 03 are selectively made, connection of 
the main bit line D4 to the sense amplifier is selectively made to be sensed, the 
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ground column select lin<> BS10 has high level, and a bit column select line 
BS21 has high level. Thisn, the ground column select transistors S31, S32, 
S50 and S51, and the bit column select transistors T40, T41 and T42 have ON 
levels, respectively, selectively making senslng-connection to the diffusion 
wire BN13 via the main bit line D4 f bit column select transistor T41, diffusion 
wire BN23 and inter-blocl: bit wire D412. This makes ground-connection to 
and sensing-connection to the diffusion wires BN14 and BN13, respectively, 
which are on both sides of a memory cell column including the memory cell M3. 
Under this condition, ON o - OFF status of the memory cell M3 connected to the 
word line Wll determines sense current flowing through the main bit line D4, 
which is detected by the sense amplifier. 

[0056] In the case w'he -e the memory cell M4 is selected, in response to 
address operation, ground-connection to the virtual ground wire D5 and 
precharge to the virtual ground wire D3 are selectively made, connection of 
the main bit line D4 to the sense amplifier is selectively made to be sensed, the 
bit column select line BS11 has high level, and the ground column select' line 
BSOO has high level. Then, the bit column select transistors S40, S41 and S42, 
and the ground column select transistors R31, R32, R50 and R51 have on' 
levels, respectively, selectively making ground-connection to the diffusion 
wire BN15 via the virtual gnund wire D5, ground column select transistor R5-1, 
diffusion wire BN05 and inter-block ground wire D501. This makes' 
ground-connection to and sensing-connection to the diffusion wires BN15 and 
BN14, respectively, which are on both sides of a memory cell column including 
the memory cell M4. Under this condition, ON or OFF status of the memory 
cell M4 connected to the word line Wll determines sense current flowing 
through the main bit line D4, which is detected by the sense amplifier. 
[0057] As is readily seei from the preceding description, precharge is 
always made to one of the v irtual ground wires D3 and 05 of the four-column 
memory cell unit, prevent ng the four-column memory cell unit and the 
adjacent cell units from sharing charge via the selected memory cell, ensuring 
individual unit operations to select its memory cells, Ml to M4, for example. 
[0058] From the preceding description, it is now understood that the 
embodiment of the present invention charges the four diffusion wires BN12, 
BN13, BN14 and BN23 from :he main bit line D4 in the case where the memory 
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cell Ml or M4 is selected 
BN24 and BN13 from the 
M2 or M3 is selected. In 
from the main bit line D4 
charged from the main 



•17- 



and charges the four diffusion wires BN22, BN23, 
main bit line D4 in the case where the memory cell 
this manner, the number of diffusion wires charged 
is always four, thus keeping the load capacity to be 
3it line D4 constant. Keeping the load capacity 
constant makes it easy to maintain a stable margin, allowing the use sense 
amplifiers designed for high-speed operation, contributing much to speed-up 
in operation of semiconductor memories. 
[0059] The fragmentary layout diagram in Fig. 2 illustrates a portion of a 
memory cell array employed by the embodiment of semiconductor memory 
according to the present nvention, and, more particularly, a portion of the 
block 1 within a portion "of :he memory cell array shown in Fig. l. As shown in 
Fig. 2, the semiconductor memory has, per each four-column memory cell 
unit, one connector connected to a main bit line within a region on one end 
side of the diffusion wires and another connector connected to a virtual ground 
wire within a region on the other one end side of the diffusion wires. Further, 
the semiconductor memory has one bit select line within the region on the one 
end side of the diffusion wires and another ground select line within the region 
on the other end side of tie diffusion wires. The proportion of the area of 
these two regions to the overall area of a chip is small as compared to the 
conventional semiconductor memory discussed before. Thus, a 
semiconductor memory with increased storage capacity is possible to 
fabricate. With the same overall chip area, an increased number of blocks can 
be placed as compared to the conventional semiconductor memory, causing a 
reduction in number of memory cells selectively connected in parallel to a 
main bit line, leading to <i drop in load imposed to the main bit line to 
accomplish increased high- speed operation. 

[0060] The preceding description on the semiconductor memory was based 
on the layout that the main bit lines and the virtual ground wires are formed 
within the same wiring laye- 1AL. The present invention Is not limited to this 
layout. As a modification :o this layout, the main bit lines and the virtual 
ground wires may be formed within different wiring layers. 
[0061] This section pro/ides further description on the modification 
mentioned above. The fragmentary layout diagram in Fig. 3 illustrates a 
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portion of a memory cell array employed by this modification of semiconductor 
memory, and, more particularly, a portion of the block 1 within a portion of the 
memory cell array shown in Fig. 1. According to this modification, virtual 
ground wires D3 and D5 <ire formed within a wiring layer 1AL, while main bit 
lines D4 and D6 are formed within a different wiring layer 2AL Comparing Fig. 

th are the same in layout. A difference is in that in 
Rg. 3, the main bit lines D4 and D6 stay in the upper wiring layer 2AL than the 



lower wiring layer 1AL wh 



ere the virtual ground wires stay. As compared to 



the case where the main tut lines D4 and D6 and the virtual ground wires D3 



and D5 are formed in the: 
memory cell imposed by w 
memory cell size possible, 



same wiring layer, the restriction on the size of 
iring pitch is alleviated, making further reduction in 
leading to a reduction in chip size. As the main bit 
lines are formed within the upper wiring layer, the line capacity decreases, 
causing a reduction in wiring capacity of the main bit lines. The reduction in 
wiring capacity is advantageous to high speed operation. 

circuit diagram in Fig. 4 illustrates a portion of a 
memory cell array of another embodiment of semiconductor memory 
according to the present injvention. 

is substantially the same as the first-mentioned 
embodiment shown in Fih, 1. However, they differ in the manner of 
connecting an inter-block hit wire and an inter-block ground wire to diffusion 
wires. 

[0064] In this embodiment, the inter-block bit wire interconnects one end, 
not the other end, of a middle one of a set of diffusion wires for each of 
four-column memory cell units of one block and one end, not the other one 
end, of a middle one of a se : of diffusion wires for one of four-column memory 
cell units of the adjacent block lying in the same column and on the other end 

the one block. The one and the adjacent blocks 
contain one half in length of and the other half in length of the inter-block bit 
wire, respectively. With reference to Rg. 4, for example, an inter-block bit 
wire D412 for the main bit line D4 between the blocks 1 and 2 interconnects 



one end of a middle diffus 
four-column memory cell ur 



ion wire BN13 of a set of diffusion wires for a 
it of the block 1 and one end of a middle diffusion 



wire BN23 .of a set of diffusion wires for a four-column memory unit of the 
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end side of the diffusion wires BN11 to BIM17 of the 



block 2 lying on the other 
block 1. 

[0065] In this embodiment, the inter-block ground wire interconnects the 
other end, not one end, of the boundary one of a set of diffusion wires for each 
of four-column memory cs II units of one block and the other end, not one end, 

set of diffusion wires for one of four-column memory 



of the boundary one of a s 



side of the diffusion wires 
contain one half in length 
ground wire, respectively. 



memory according to the 
embodiment shown in Fig 



[0067] in the case where 
embodiment shown in Fig. 
made to the diffusion wires 
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cell units of the adjacent block lying in the same column and on the one end 

of the one block. The one and the adjacent blocks 
of and the other half in length of the inter-block 
With continuing reference to Fig. 4, for example, an 
inter-block ground wire d50l for the virtual ground wire D5 between the 
blocks l and 0 interconnscts the other end, not one end, of a boundary 
diffusion wire BN15 of a set of diffusion wires for a four-column memory cell 
unit of the block 1 and the other end, not one end, of a boundary diffusion wire 
BN05 of a set of diffusion wires for a four-column memory unit of the block 0 
lying on the one end side of the diffusion wires BN11 to BN17 of the block l. 
In this embodiment, the inter-block bit wires and inter-block ground wires are 
not formed within the diffusion layer, but formed within a different wiring layer 

main bit lines and virtual ground wires are formed 
and connected to the appropriate ends of the diffusion wires via connectors. 
[0066] Next, it is now explained how this embodiment of semiconductor 

present invention selects a memory cell. This 
|L 4 is substantially the same as the previously 
described embodiment shown in Fig. 1 except the orientation of sense current 
flowing through the diffusion wires. Thus, description on the path of sense 

select memory cells in one column including a 
memory cell Ml chosen ojt of a four-column memory cell unit Including 
memory cells Ml, M2, M3 a|nd M4 appears to be sufficient. 

the memory cell Ml is selected, similarly to the 
, ground-connection and sensing-connection are 
BNll and BN12, respectively, which are on both 



sides of the memory cell column including the memory cell Ml. Under this 
condition, ON or OFF status of the memory cell Ml connected to the word line 
Wll determines sense current flowing through the main bit line D4, which is 
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detected by a sense amplifier. As the Inter-block ground wire D301 
interconnects the other end of the boundary diffusion wire BN11 and the other 
end of the boundary diffus ion wire BN01, the sense current flows from the one 
end of the diffusion wire EN12 past the memory cell Ml toward the other end 

wire BN 11. 

[0068] In the case where any memory cell other than the memory cell Ml in 
the same column is selected, the sense current flows from the one end of the 
diffusion wire BN12 past the selected memory cell toward the other end of the 
boundary diffusion wire BMll. The path from the one end of the diffusion wire 
BN12 to the other end of the boundary diffusion wire BN11 varies with 
difference in selection of the memory cells in the same column. However, the 
shunt resistance of the path of sense current remains the same whichever one 
of the memory cells in the same column is selected. This Is because the path 
is composed of one diffusic n wire and a memory cell. This is applicable to any 
other columns of memory cells including columns including other memory 
cells M2, M3 and M4. The shunt resistance of the flow path of sense current 
from the main bit line D4 to the virtual ground wire D3 is unaltered whichever 
one of word lines is selected and constant. 

[0069] In addition to the advantageous features and effectiveness provided 
by the embodiment shown in Fig. 1, this embodiment of semiconductor 
memory shown in Fig'. 4 can keep the shunt resistance of the flow path of 
sense current constant against selection of address, making it possible to use 
sense amplifiers designed for more increased high speed operation. 
[0070] The fragmentary layout diagram in Fig. 5 illustrates a portion of a 
memory cell array employed by this embodiment of semiconductor memory, 
and, more particularly, a portion of the block 1 within a portion of the memory 
cell array shown in Fig. 4. 

[0071] According to tfis embodiment, as shown in Fig. 5, the 
semiconductor memory has, per each four-column memory cell unit, one 
connector connected to a main bit line, which is formed within a wiring layer 
1AL, within a region on o ie end side of the diffusion wires and another 
connector connected to a virtual ground wire, which is also formed within the 
wiring layer 1AL, within a region on the other one end side of the diffusion 
wires. Further, the semiconductor memory has inter-block bit and ground 
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conventional 
semiconductor memory 
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wires, which are formed v/ithin the under wiring layer 2AL Furthermore, the 
semiconductor memory has one bit select line within the region on the one end 

and another ground select line within the region on 
the other end side of the jiiffusion wires. The proportion of the area of these 
two regions to the overall area of a chip is small as compared to the 
semiconductor memory discussed before. Thus, a 
with increased storage capacity is possible to 



fabricate. With the same c verall chip area, an increased number of blocks can 



be placed as compared to 



main bit line, leading to 
accomplish Increased hrgh 
[0072] As readily seen 



:he conventional semiconductor memory, causing a 



reduction in number of rremory cells selectively connected in parallel to a 



a drop in load imposed to the main bit line to 
•speed operation. 

from the preceding description, according to the 
embodiments shown in Figs 1 and 4, the semiconductor memory selects one 
word line and then selects one of the memory cells connected to the selected 
word line by high level conbination of bit column select and ground column 
select lines of the block which the selected word line belongs to and the 
adjacent two blocks in the column direction. This action to select a memory 
cell can be guaranteed ever if a selected word line belong to a block that is the 
first stage or last stage block of the plural blocks by providing as adjacent 
blocks dummy blocks in tho column direction. 

[0073] Fig. 6 is a fragmentary circuit diagram illustrating a portion of an 
example of dummy blocks lying adjacent the first or last stage block of the 
plural blocks in the semiconductor memory according to the embodiment 
shown in Fig. 4. Fig. 7 is a fragmentary layout illustrating the dummy blocks 
shown In Fig. 6. In Figs. 6 and 7, the block 1 Is illustrated as representing the 
plural blocks and used in explaining the first stage or last stage block, for 
illustrative purpose only. 

[0074] With reference to Fig. 6, the semiconductor memory has a dummy 
ground column select block 0 lying adjacent or next to the first stage block and 
a dummy bit column select block 2 lying adjacent or next to the last stage 
block. Both of the dummy blocks 0 and 2 do not have memory cells. 
[0075] The dummy ground column select block 0 has, per each four-column 
memory cell unit, a ground column select transistor, which has drain or source 
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[0076] The dummy bit 
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connected to inter-block c round and virtual ground wires and gate connected 
to a ground column select line, and a transistor or a dummy diffusion layer, 
which is electrically equiva lent to a diffusion wire, connected to the Inter-block 
ground wire. With referer ce to Fig. 6, a ground column select transistor RSI, 
for example, has drain or source connected to an inter-block ground wire 
D501 and virtual ground wire D5 and gate connected to a ground select line 
BSOO. A diffusion layer BlflOS connected to the inter-block ground wire D501 

a diffusion wire BN15 of the block 1. 
bolumn select block 2 has, per each four-column 
memory cell unit, a bit column select transistor, which has drain or source 
connected to an inter-block bit wire and a main bit line and gate connected to 
a bit column select line,' and a transistor or a dummy diffusion layer, which is 
electrically equivalent to th ree diffusion wires, connected to the inter-block bit 
wire. With reference to Fig 6, a bit column select transistor T41, for example, 
has drain or source connected to an inter-block bit wire D412 and main bit line 
D4 and gate connected to a bit select line BS21. A diffusion layer BN23 
connected to the inter-bloc k bit wire D412 is electrically equivalent to three 
diffusion wires BN12, BN13 and BN14 of the block 1. 
[0077] Next, it is now explained how the first stage or last stage block 
cooperates with the dummy ground select block 0 or the dummy bit column 
select block 2 in selecting a memory cell. As the dummy ground column select 
block 0 and bit column select block 2 is identical and operates in the same 
manner every four-column memory cell unit, description on action to select 
each of four memory cells Ml, M2, M3 and M4 appears to be sufficient. In the 
first or last stage block 1, the four memory cells Ml to M4, lying between the 
virtual ground wires D3 and D5, are connected to the word line wil. 



[0078] In the case where 
address operation, ground 



the memory cell Ml is selected, in response to 
jconnection to the virtual ground wire 03 and 
precharge to the virtual ground wire D5 are selectively made, connection of 
the main bit line D4 to a sense amplifier is selectively made to be sensed, the 
bit column select line BS11 has high level, and a dummy ground column select 
line BSOO has high level. Thon, the bit column select transistors S40, S41 and 
S42, and the ground columr select transistors R31 and R51 have ON levels, 
respectively, selectively mak'ng ground-connection to the diffusion wire BN11 
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via the virtual ground wre D3, ground column select transistor R31, and 



inter-block ground wire 
sensing-connection to the 



are on both sides of a memory cell column including the memory cell Ml. 



Under this condition, ON o 
word line Wll determines 



determines sense current 
detected by the sense amp 



ground column select line 
BS21 has high level. Then 
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D301. This makes ground-connection to and 
diffusion wires BNll and BN12, respectively, which 



OFF status of the memory cell Ml connected to the 
sense current flowing through the main bit line D4, 



which is detected by the sense amplifier. 
[0079 J In the case whe-e the memory cell M2 is selected, in response to 
address operation, ground-connection to the virtual ground wire D3 and 
precharge to the virtual ground wire D5 are selectively made, connection of 
the main bit line D4 to the s ense amplifier is selectively made to be sensed, the 
ground column select line BS10 has high level, and a bit column select' line 
BS21 has high level. Then, the ground column select transistors S31, S32, 
SSO and S51, and the bt column select transistor T41 have ON levels, 
respectively, selectively making sensing-connection to the diffusion wire BN13 
via the main bit line D4, bit column select transistor T41, and inter-block bit 
wire D4.12. This makes ground-connection to and sensing-connection to the 
diffusion wires BN12 and IJN13, respectively, which are on both sides of a 
memory cell column including the memory cell M2. Under this condition, ON 
qr .OFF .status of the memory -cell M2 connected to the word line Wll 

flowing through the main bit line D4, which is 
ifier. 



[0080] In the case wher| the memory cel| M3 is selected, in response to 
address operation, ground 



d -connection to the virtual ground wire D5 and 
precharge to the virtual grcund wire D3 are selectively made, connection of 
the main bit line D4 to the se nse amplifier is selectively made to be sensed, the 

EiSlO has high level, and a bit column select line 
n, the ground column select transistors S31, S32, 
S50 and S51, and the bit column select transistor T41 have ON levels, 
respectively, selectively making sensing-connection to the diffusion wire BN13 
via the main bit line D4, bit column select transistor T41, and inter-block bit 
wire D412. This makes ground-connection to and sensing-connection to the 
diffusion wires BN14 and BN13, respectively, which are on both sides of a 
memory cell column including the memory cell M3. Under this condition, ON 
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or OFF status of the 
determines sense current 
detected by the sense 
[0081] In the case 
address operation, grourjd 
precharge to the virtual 
the main bit line D4 to the 
bit column select line BS1 
BSOO has high level. Then 
and the ground column 
respectively, selectively 
via the virtual ground 
inter-block ground wire 
sensing-connection to the 
are on both sides of a 
Under this condition, ON or 
word line Wll determines 
which is detected by the 
[0082] The first stage or 
an inner block of the plurajl 
select block 0 or bit column 
last stage block. As 
column select block 0 or bit 
for circuits can be restrained 
[0083] The preceding 
4 has indicated that each 
The present invention is noi: 
need to separate the functiqn 
wire. 

[0084] According to a 

a memory cell array 
column direction, the blocks 
subject to precharge and 
the blocks being 



memory 
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mjemory cell M3 connected to the word line Wll 
flowing through the main bit line D4, which is 
ifier. 

the memory cell M4 is selected, in response to 
-connection to the virtual ground wire D5 and 
gjround wire D3 are selectively made, connection of 
sense amplifier is selectively made to be sensed, the 
has high level, and the ground column select line 
the bit column select transistors S40, S41 and S42, 
select transistors R31 and R51 have ON levels, 
making ground-connection to the diffusion wire BN15 
D5, ground column select transistor R51, and 
D501. This makes ground-connection to and 
diffusion wires BN15 and BN14, respectively, which 
cell column including the memory cell M4. 
OFF status of the memory cell M4 connected to the 
sense current flowing through the main bit line D4, 
amplifier. 

last stage block can operate in the same manner 
blocks by providing the dummy ground column 
select block 2 adjacent or next to the first stage or 
cells are not required in the dummy ground 
column select block 2, increasing in area of regions 



wire 



memory 



sense 



block : 



description on the embodiments shown in Figs. 1 and 
shared virtual ground wires and main bit lines, 
limited to this. A possible modification does not 
as a main bit line from the function as a ground 



modification, 



, a semiconductor memory comprises: 
ncluding blocks separated every M word lines in 
including a plurality of main bit lines, which are 
grbund-connection, 
arranged one after another in column direction, with 
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the adjacent two thereof i t symmetrical relation about a line separating them, 
the blocks including diffusion wires, which are distant one half the main 
bit lines are, and a plurality of memory cells grouped into a memory cell unit in 
M rows and in two column s, the memory cells using the adjacent two diffusion 
wires as drain or source and the M word lines as gates, 

the blocks including diffusion layer connected to one of the main bit 
lines and three column select transistors, which use the diffusion wire 
corresponding to one of tr e main bit lines and the adjacent diffusion wires as 
drain or source and a first and a second column select lines as gate, 

the blocks include halves of an Inter-block bit line, which interconnect 
the diffusion lines correspc nding to one of the main bit line between one block 
and the adjacent blocks. 

[0085J The previous description on the embodiments indicated that a 

read-only function. The memory cell may be a 
having a floating gate or an oxide/nitride/oxide 
, er of a word line. 

[0086] Although the present invention and its advantage have been 
described in detail, it should be understood that various changes, 
substitutions and alternations could be made herein without departing from 
the sprit and scope of the invention. 

[0087] The present application claims the priority of Japanese Patent 
Application No. 2002-327: 39, filed November 11, 2002, the disclosure of 
which is hereby incorporate id by reference in its entirety. 



memory cell might have <i 
non-volatile memory ceil 
(ONO) film as an under lay 
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